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Abstract 
Executive functions (EF) encompass several higher-order cognitive processes that are 
necessary for preparing and performing goal-directed behavior in which automatic behaviors are 
not enough. This includes processes such as task initiation, planning, flexibility, working 
memory, self-regulation, emotions, response inhibition and attention to focus on the task at hand. 
Executive functioning deficits are often seen in individuals with neurodevelopmental disorders 
such as autism spectrum disorder (ASD) and attention deficit hyperactivity disorder (ADHD). 
This study used a multimodal approach to characterize EF in ADHD and ASD and had three 
linked aims; (1) Using a tablet-based measure (the NIH Toolbox) to understand performance-
based EF in 51 aged 5-17 year old's; (2) in a sub-set of 28 aged 7-12 year old's, characterize EF 
using parent report and (3) in the same sub-set sample, understand the neural correlates of EF 
using two ERP paradigms.  Compared to children with ADHD and TD, children with ASD were 
impaired in inhibition measured via the NIH-TB Flanker Inhibitory Control and Attention Test. 
Children with ADHD exhibited attenuated P3 amplitudes as well as delayed N2 and P3 latency 
compared to TD participants. These components are assumed to index response inhibition, 
conflict monitoring and working memory. Overall findings from this multimodal study suggest 
that executive functioning deficits remain a target of intervention approaches across ADHD and 
ASD. 
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Executive Functioning and Behavioral Inflexibility in Autism Spectrum Disorder and 
Attention Deficit Hyperactivity Disorder 
Attention Deficit/Hyperactive Disorder (ADHD) and Autism Spectrum Disorder (ASD) 
are two common neurodevelopmental disorders (NDDs) with a high degree of comorbidity and 
phenotypic overlap. Between 30 to 50% of individuals with ASD also display behaviors 
characteristic of ADHD, and 20-50% of individuals with ADHD show symptoms of ASD (Davis 
& Kollins, 2012; Lee & Ousley, 2007; van der Meer et al., 2012). Areas of development that 
show promise for understanding common and distinct features of ASD and ADHD are executive 
functioning deficits (EFd) and cognitive ability impairments (Corbett et al., 2009; Martel et al., 
2007). Executive functioning is typically used to describe various cognitive processes such as 
task-switching, planning, and problem-solving to accomplish the task at hand (Elliott, 2003).  
This study aims to characterize executive functioning profiles across different measurement 
modalities in children with a diagnosis of ADHD or ASD and typically developing (TD) aged-
matched controls. Using a wide range of executive functioning measures could be helpful in 
identifying unique and overlapping executive functioning profiles of strength and weakness that 
span two common neurodevelopmental disorders. This study will enable us to characterize EF 
across behavior and brain that might aid in identifying the conditions by further understanding 
the specificity of EF deficits in ADHD and ASD as well as designing and modifying intervention 
approaches.   
Autism Spectrum Disorder 
Autism spectrum disorder (ASD) is a one of the most commonly diagnosed childhood 
neurodevelopmental disorders (Geschwind, 2009). The DSM-V characterizes ASD as a 
neurodevelopmental disorder with persistent deficits in social communication and interaction, 
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and restricted and repetitive patterns of behavior, interests or activities (American Psychiatric 
Association, 2013). The Centers for Disease Control and Prevention (2014) estimate that 1 in 59 
children has a diagnosis of ASD; a number that is rising at alarming rates (Baio et al., 2018; 
Geschwind, 2009).  There has been no unifying genetic, social or neuropathological feature that 
has been solely linked to aid in the diagnosis or cause of this disorder. However, there is a strong 
emphasis on etiological heterogeneity which has led to several approaches aimed at studying the 
many components of the disorder though social cognition or neurobiological investigation. 
Attention Deficit Hyperactivity Disorder 
Attention deficit hyperactivity disorder (ADHD) is another commonly diagnosed neuro-
developmental disorder, characterized by a persistent pattern of inattention, hyperactivity, and 
impulsivity that interferes with daily functioning or development (American Psychiatric 
Association, 2013).  It has been documented to affect 10% of school-aged children (Martel et al., 
2007). This drastic number of diagnoses has led to ADHD being a frequent referral in pediatric 
care and treatment. Although there is no single etiology for ADHD, research suggests that there 
is a neurobiological basis coupled with environmental risk and abnormal cortical development 
(Nigg, 2012; Shaw et al., 2007).   
Common Comorbidities: The case of ASD and ADHD 
Aforementioned, there is a high degree of commodity between ASD and ADHD. This 
comorbidity further complicates the inherent heterogeneity in both conditions.  As a result of the 
considerable overlap between ASD and ADHD, it is hypothesized that they share similar genetic 
influences (Rommelse et al., 2010; van der Meer et al., 2012). This has been supported through a 
number of sibling studies (Mulligan et al., 2009; Reiersen et al., 2008; Ronald et al., 2008, 2010). 
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Mulligan and colleagues (2009) showed that siblings of individuals with ADHD seem to display 
more ASD symptoms than non-sibling controls. This finding suggests that there is possibly a 
shared familiarity. In multiple twin studies, genetic influences across the two disorders has been 
supported (Reiersen et al., 2008; Ronald et al., 2008, 2010). There is an increase in twin 
diagnoses from 27% at age 2 (Ronald et al., 2010), to 50% at age 8 (Ronald et al., 2008), to 72% 
at ages 18-33 (Reiersen et al., 2008) (Reiersen et al., 2008). This shared genetic etiology suggests 
that there may also be similar neurocognitive pathways connecting the two disorders (Lau-Zhu et 
al., 2019). In addition to genetic and family studies, researchers have examined phenotypic 
overlap between ASD and ADHD. Executive function (EF) represents a promising area of focus 
that may facilitate understanding of common and distinct features of ASD and ADHD. 
Executive Functioning 
Executive functioning (EF) encompasses several higher-order cognitive processes that 
are necessary for preparing and performing goal-directed behavior in which automatic behaviors 
are not enough (Geurts et al., 2004; Ozonoff, 1997). Some of these processes include task 
initiation, planning, flexibility, working memory, self-regulation, emotions, response inhibition 
and attention to focus on the task at hand.  
Executive functioning deficits (EFd) are frequently seem in persons with ASD, but 
multiple studies have reported inconsistencies in findings concerning EF weaknesses in ADHD 
(Blijd-Hoogewys et al., 2014). One reason for these inconsistencies could be due to the 
complicated nature of EF and how it embodies many different functions distributed across a 
large neural network (Meltzer, 2011). It could also be related to misspecification in group 
categorization between ASD, ADHD, and ASD+ADHD groups considering the substantial 
overlap between symptomatology (Tye et al., 2014).   
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In ASD, EFd’s are primarily related to cognitive flexibility, set maintenance, 
organization, and planning (Hughes et al., 1994, Ozonoff et al., 1991). In children with a 
diagnosis of ADHD, the most common EFd’s observed are sustaining attention and inhibition 
(Ozonoff & Jensen, 1999). Although there have been few and inconsistent findings from EF 
studies, a co-morbid diagnosis of ASD and ADHD has shown to effect inhibition, verbal fluency, 
and spatial working memory (Tye et al., 2014). In both ADHD and ASD, EFd’s have a 
significant impact on behavioral, emotional, academic, and adaptive problems in school, at home 
and other common places (Rao & Landa, 2014). Because EFd’s are characteristic of both ASD 
and ADHD, they could be a meaningful target for cross-diagnostic intervention approaches that 
could aid in reducing the impact that EFd's have on children with either diagnosis (Martel et al., 
2007).   
Common Approaches to Measuring Executive Functioning 
The NIH Toolbox for the Assessment of Neurological and Behavioral Function (NIH-
TB) is an integrated set of iPad-based cognitive tests that offers the advantage of computerized 
performance-based assessment that is easy to administer, readily accessible and is a translational 
tool for researchers and clinicians (Gershon et al., 2013). The Toolbox measures chosen for this 
study demonstrate strong test-retest reliability, sensitive to age effects, and acceptable 
convergent/divergent validity (Weintraub et al., 2013).  The NIH-TB cognition battery is 
designed to be a brief set of measures that can help aid other cognitive measures such as EEG or 
parent report. 
Another promising measurement of executive functioning in children with ASD and 
ADHD is the Behavior Rating Inventory of Executive Functions-2 (BRIEF-2) report (Blijd-
Hoogeways, Bezemer, van Geert, 2014). This measure quickly and efficiently screens for 
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executive function deficits in 5-18 year old's.  The BRIEF-2 is frequently used due to easily 
controlled conditions that make it possible to better capture the optimal EF performance of those 
being examined. It includes multiple assessments including parent rating forms, in-depth 
comprehensive inventories of EF demands in everyday environments, and inconsistency and 
negativity scales. It would be beneficial in clinical practice to study if there are any scales that 
can differentiate children with ASD from children with other psychiatric disorders that are 
known to have EFd’s, such as children with ADHD. 
Biobehavioral Approaches to Studying EF in ASD and ADHD 
Given the overlap and heterogeneity in ADHD and ASD, researchers have sought to 
define constructs (such as EF) across modalities that span behavior and brain to characterize the 
manifestations of strengths and weaknesses. The majority of research comparing EF in ASD and 
ADHD relies on parent-report (such as the BRIEF-2; Blijd-Hoogewys et al., 2014) behavioral 
tasks or automated measures, such as the Cambridge Neuropsychological Test Automated 
Battery (CANTAB; Robbins et al., 1994). However, these approaches have several limitations; 
(1) A number of the tools are not accessible for young children, particularly those with ASD 
and/or ADHD (2) Focusing only on behavioral comparisons does not clarify whether the 
mechanisms that underlie EF are the same across ASD and ADHD. (3) While parent-report is 
widely used, it does not associate strongly with other modalities (Høyland et al., 2019; Samyn et 
al., 2014), suggesting that different assessment modalities are required to understand overlap and 
dissociations between (a) EF components and (b) differential diagnostic categories. Measuring 
event-related potentials (ERP’s) can aid in disentangling the cognitive markers of executive 
functioning deficits seen across ASD and ADHD.   
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Electrophysiology (EEG) has become one of the most accessible neuroimaging 
techniques that could provide insight to the mechanisms that underlie EF and contribute to our 
understanding of behavioral distinctions and overlap in ADHD and ASD (Lau-Zhu et al., 2019). 
EEG could contribute to a better understanding of the neurocognitive pathways that mediate 
these two disorders as it provides a temporal resolution of brain activity in the range of 
milliseconds as well as direct postsynaptic brain activity that is non-invasive and easily 
accessible compared to many other neuroimaging techniques (Jeste et al., 2015; Kappenman & 
Luck, 2016; McLoughlin et al., 2014). Understanding the neurocognitive pathways of 
development between the two disorders is critical to increasing our knowledge of the etiology 
and prognosis of ASD and ADHD as well as their co-occurrence and correlated negative 
outcomes. In this study, we will focus on the behavioral and biological underpinning that 
represent EF, particularly inhibitory control, conflict monitoring and working memory.   
Specifically, we will be looking at event-related potentials (ERPs). These are time-locked 
responses within the EEG activity. ERPs can be averaged across conditions and trials to 
characterize neural responses in response to specific stimuli. ERP studies have revealed 
differences between children with ADHD and those without, particularly related to inhibitory 
control and performance monitoring (Barry et al., 2003; Johnstone et al., 2013; McLoughlin et 
al., 2009; Tye et al., 2011). ERP studies have also found children with ASD have different 
cognitive profiles compared to TD children for socioemotional processing tasks and other EF 
domains (Tye et al., 2011).   
Erickson Flanker Task. In this study, we will use the Flanker inhibitory test to assess the 
ability to suppress responses that are inappropriate in a particular context (Eriksen & Eriksen, 
1974). The flanker task is a measure of performance monitoring (Ullsperger et al., 2014). 
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Performance monitoring refers to a set of cognitive processes that control and monitor ongoing 
behavior during response selection and adjustment. The target is flanked by non-target stimuli 
which correspond either to the same directional responses as the target (congruent flankers), or to 
the opposite response (incongruent flankers). The participants are instructed to respond as 
quickly as possible by pressing a specific button corresponding with the direction of the target 
image.   
In a recent study, Faja and colleagues (2016) collected EEG activity while children (ages 
7 to 11) completed a computer-based flanker task. In ASD, children had an N2 overall mean 
amplitude greater than those relative to TD controls. The N2 amplitude is a negative component 
that occurs approximately 300 ms after stimulus onset and has been linked to behavioral 
inhibition and cognitive inflexibility in typically developing children and the suppression of 
interfering information in children with ASD (Brydges et al., 2014). The N2 response also 
reflected executive attention and conflict monitoring between the target and the 
incongruent/congruent flankers, a measure that we will be utilizing in this study (Faja et al., 
2016).   
Faja and colleagues (2016) also reported on P3 responses. The P3 is a frontal component 
that has been linked to focal attention (Corbetta & Shulman, 2002). The P3b subunit is thought to 
be associated with memory and categorization that is generated through the temporal lobe to 
monitor specific targets (Baudena et al., 1995; Bledowski et al., 2004; Halgren et al., 1995). The 
P3 unit has been linked to inhibition and has shown to appear more broadly in TD children 
compared to those with ASD.   
Children with ADHD have different neural responses to TD controls in this task.  Both 
the N2 and P3 response has been reported as attenuated in children with ADHD compared to TD 
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controls (Johnstone et al., 2009; Johnstone & Galletta, 2013). These findings suggest that the 
differences and similarities in the P3 and N2 neural response clusters could be important in 
cross-diagnostic comparisons.   
Go- No Go Task. Another commonly used EF task is the Go-No Go Task that assesses 
inhibitory control, a trait observed in both ASD and ADHD (Gomez et al., 2007). The Go-No Go 
Task is referred to as a stop signal task in which the participants must inhibit a response to a 
certain target. Each trial consists of one stimulus indicated “Go” or “No-Go.” The trials are 
presented at a rapid pace so that responses are made quickly. This paradigm is relatively well 
studied using EEG in individuals with a diagnosis of ADHD (Groom et al., 2008; Johnstone et 
al., 2009; McLoughlin et al., 2009; Woltering et al., 2013), but not as well in those with a 
diagnosis of ASD. In ADHD, there is a reduced N2 neuronal amplitude which is linked to poor 
response control (Groom et al., 2008)  and reduced P2 amplitude (Johnstone et al., 2009).    
These findings suggest that the differences and similarities in the P3 and N2 neural 
response amplitudes could be important in cross-diagnostic comparisons. However, there are 
only a handful of studies have directly compared ASD and ADHD using EEG. Executive 
function impairments have yet to be directly analyzed across pure and co-morbid ADHD and 
ASD diagnoses using ERPs (Tye et al., 2014). Tye et al (2014) collected EEG activity while 
children (age 8-13 years old) with a diagnosis of ASD, ADHD, or a duel diagnosis of ASD and 
ADHD completed a Go-No Go type task. This study showed that ADHD participants displayed a 
reduced Cue-P3 and NoGo-P3 compared to TD and ASD Participants. Unlike what Faja and 
colleagues (2016), Tye and colleagues reported reduced N2 amplitudes during Go-No-Go trials 
in individuals with ADHD compared to TD controls or children with ASD. This study concluded 
that children with ADHD primarily face deficits in attentional orientation and inhibitory control, 
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while children with ASD show abnormalities in conflict monitoring and response preparation. 
Because of the discrepancies between studies, the N2 and P3 units would be important 
components to observe.  
Study Aims  
The ultimate goal of this study is to understand phenotypic overlap and distinctions 
between those with ASD and ADHD by profiling EFd’s using (1) the NIH Toolbox Cognition 
Battery (NIH-TCB), (2) parent-report (BRIEF-2; (Blijd-Hoogewys et al., 2014)) and (3) 
electroencephalogram (EEG). This exploratory approach enables us to explore the following 
aims: (1) characterize the biobehavioral profiles of EF across developmental disorders, (2) 
identify the areas of EF that are most problematic in the ADHD sample through parent report, 
and (3) understand if the ERP components associated with inhibition  and conflict monitoring 
(N2 and P3 amplitude and latency) differentiates those with ADHD and those who are TD . 
Through a better understanding of the specificity and overlap between ASD and ADHD, we can 
begin to develop and evaluate cross-diagnostic intervention approaches – a vital need given the 
impact of EFd’s on daily functioning and academic achievement (Rao & Landa, 2013). 
Methods 
Sample 
For Aim 1 using the NIH-TB cognition battery, 51 children aged 5-17 years were 
recruited to the study: 17 children with a diagnosis of ASD (6 females and 11 males), 17 children 
with a diagnosis of ADHD (5 females and 12 males), and 17 children who were TD (4 females 
and 13 males).  A subset of these participants (ADHD and TD only) were invited to complete the 
Behavior Rating Inventory of Executive Functions-2 (BRIEF) (Aim Two) and EEG (Aim 3). Of 
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this subset,17 children had an ADHD diagnosis (12 males and 5 females) and 11 were TD 
children (5 males and 6 females). We focused on elementary/middle school-aged children (7-12 
years) with ADHD as this is a critical time window for brain development and plasticity across 
executive functioning domains (Corbett et al., 2009; Lau-Zhu et al., 2019; Wiebe et al., 2011). 
Prior to the EEG recording, 11 ADHD participants were taking medication (five Concerta, two 
Vyvanse, two Ritalin, one Adderall, one Focalin). All participants were required to have an 
ABIQ>70, and an absence of Fragile X or other neurological, psychiatric, or medical conditions.   
ADHD children were recruited via mass email sent to the faculty and staff of the 
University of North Carolina at Chapel Hill, advertisements on social media and word of mouth. 
ADHD participants had an existing diagnosis from a registered clinical, developmental, or school 
psychologist or psychiatrist. Study staff verified the diagnosis via a phone screen with families. 
ADHD symptomology was also measured using the Conner’s Parent Rating Scale-Revised 
(Short) (Conners, 2001).  Participants were excluded if they had a co-occurring diagnosis of 
ASD.   
Participants with ASD were recruited from a previous study (Behavioral Inflexibility in 
Developmental Disorders; R01HD82127; PI: Boyd) via the University of North Carolina at 
Chapel Hill Autism Research Registry. Inclusion required a previous Diagnostic and Statistical 
Manual of Mental Disorders diagnosis of ASD from a registered clinical, developmental or 
school psychologist or psychiatrist, and based on the completion of the Social Communication 
Questionnaire (SCQ; Rutter et al. 2003), the Social Responsiveness Scale (SRS; Constantino, 
2002) and the Autism Diagnostic Observation Schedule (ADOS-2; Natacha, Corsello, & 
Schmidt, 2006). Participants were excluded if they had a co-occurring diagnosis of ADHD.   
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TD participants were recruited via a mass email sent to the faculty and staff of the 
University of North Carolina at Chapel Hill or social media. TD children were excluded if they 
had a diagnosed, referred, or suspected ASD or ADHD, schizophrenia or other developmental or 
psychiatric disorder or if they had an immediate relative with a diagnosis of ASD or ADHD. 
Parents/caregivers also completed the SCQ and the Conner’s Parent Rating Scale to screen for 
ADHD or ASD symptomatology.   
All participants were reimbursed with a gift card for their participation in the study.  The 
child’s parent completed written informed consent and the child assented to participate in the 
study. The University of North Carolina at Chapel Hill’s Institutional Review Board (IRB) 
approved the study.  
Participants included in Aim One (ADHD, ASD, and TD) were matched on the basis of 
IQ, using the Stanford Binet abbreviated IQ scores (outlined below). 
Measures 
Social Communication Questionnaire (SCQ) (Rutter et al., 2003). The SCQ is a 40-item 
questionnaire used as a brief parent report measure of possible ASD symptomology. It was used 
to screen for ASD-like behaviors. It was administered to all of our samples as a screener for 
comorbid ASD behaviors.  
Conner’s Parent Rating Scale-Revised (Short) (CPRS-R: S) (Conners, 2001). The CPRS-
R: S was used to provide information regarding behaviors associated with attention and/or 
hyperactivity as well as oppositional behavior. It was used to screen for ADHD-like symptoms.  
All parents of children in our Aim 2 and 3 groups (ADHD and TD) completed this measure.  
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Behavior Rating Inventory of Executive Function-2 (BRIEF) (Blijd-Hoogewys et al., 
2014). The BRIEF was used as a standardized rating scale developed to provide a window into 
everyday behavior associated with specific executive functioning domains. This measure quickly 
and efficiently screens for executive function deficits in 5-18 year old's.  The BRIEF is 
frequently used due to easily controlled conditions that make it possible to better capture the 
optimal EF performance of those being examined (Blijd-Hoogewys et al., 2014). All caregivers 
in our ADHD and TD groups completed this measure.  
Stanford Binet-5 Intelligence Scale, Fifth Edition (SB-5 ABIQ) (Roid, 2003). The SB-5 
was administered to all participants as an assessment of intellectual and cognitive abilities across 
the life span. It was used to determine verbal knowledge through the Vocabulary subtest and 
nonverbal fluid reasoning through the Object Series/Matrices subtest. The raw scores for both 
verbal and nonverbal fluid reasoning were summed to generate an abbreviated IQ. The SB-5 
abbreviated IQ shows strong correlation with full IQ scores in children with ASD (Twomey et 
al., 2018).  
 
Tasks and Stimuli 
NIH Toolbox Cognition Battery 
The NIH-TB cognitive tasks were administered in a fixed order: 1) Flanker, 2) 
Dimensional Change Card Sort, 3) Pattern Comparison Processing Speed, and 4) Picture 
Sequence Memory Task.   
Flanker Inhibitory Control and Attention (Flanker) is a measure of inhibitory and 
attentional control in relation to EF. Similar to the EEG flanker paradigm (outlined below), 
children are shown an arrow flanked by two additional arrows on each side. They are asked to 
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choose one of the on-screen buttons that match the direction of the middle arrow (Figure 1). 
Twenty trials were presented. The flanking arrows alternated randomly between congruence and 
incongruence in relation to the middle arrow. For children aged 5-7, there was a practice trial of 
20 fish flankers (Figure 2).   
Dimensional Change Card Sort (DCCS) is a measure of cognitive flexibility. In this task, 
children were shown a target image and were asked to select one of two images below the target 
image that matched the target based on shape or color (Figure 3a & 3b). As a practice trial, 
participants were asked to match the target by each dimension independently for 10 trials. 
Participants then completed 30 trials where the task alternated between matching color and 
shape.   
Pattern Comparison Processing Speed (PCPS) is a measure to assess psychomotor speed 
of processing. Two images were presented side by side in the middle of the screen and children 
were asked to select whether the images were the same or not. Images were presented for 85 
seconds while the participants responded to as many trials as possible.   
Picture Sequence Memory Test (PSMT) is a measure designed to evaluate episodic 
memory abilities. In this task, participants were shown a sequence of images; for example, 
children playing in the park, feeding the ducks, etc. Participants were then instructed to recall the 
order that the images were presented by dragging them to the correct spots where they first 
appeared on the screen. The same sequence of pictures was repeated a second time, with 
additional images added. The participants were instructed again to recall the proper order of the 
images presented on the screen.   
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EEG Paradigms and Data Acquistion  
Electrophysiological Data Acquistion 
 In order to examine biological markers of EF, participants also completed an EEG 
recording. Electroencephalograms were recorded using a 128-electrode recording system (Figure 
4). The reference recording electrode was positioned at Cz. Participants wore a netted EEG cap 
that contained electrodes embedded in small sponges that do not penetrate the skin. Once the cap 
was correctly positioned, participants were asked to look at a computer screen and respond to the 
stimuli via keyboard. They sat approximately 60 cm from a 17-inch display. All paradigms were 
presented via the screen while the child’s brain activity was recorded using an EGI Geodesics 
System. Stimuli was presented using E-Prime and Net Station.  Children completed 2 
experimental EEG paradigms: the Flanker Inhibitory Task and the Go-No Go Task.  
EEG Paradigms  
Flanker Inhibitory Task. During the Flanker task (Figure 5), the target arrow (middle 
arrow) was flanked by non-target stimuli which correspond either to the same directional 
responses as the target (congruent flankers), or to the opposite response (incongruent flankers). 
There was a total of 100 trials, 50 congruent and 50 incongruent. For each trial, children first saw 
a fixation cross for 450 ms. A target and flanker arrows were presented on the screen for 2000 
ms. Congruent trials consisted of the central target image flanked by two flanker images (on each 
side) that faced the same direction as the target. Incongruent trials had the target image with two 
flanker images that faced the opposite direction of the target image. Children were instructed to 
respond by pressing the arrow button on the keyboard that corresponded with the direction of the 
target image (50% left, 50% right) (Faja et al., 2016).   
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Go-No Task. The Go-No Go task used assessed inhibitory control (Gomez et al., 2007).  
Each trial consisted of one stimulus indicated “Go” (white circle) or “No-Go” (white square) 
(Figure 6). There were four block trials with 30 trials in each block, with a total of 120 trials. For 
two of the blocks, there was a 70:30 ratio of “Go” to “No-Go” stimuli to encourage a tendency to 
respond. For the other two blocks, the ratio was reversed for a 70:30 ratio of “No-Go: to “Go” 
stimuli to promote a prepotent response tendency. Participants were asked to press the ‘space’ 
bar in response to the “Go” stimulus (circle) in all trials and instructed to respond as fast as they 
could without making mistakes. Block order and trial order were randomized. For each trial, the 
stimulus was presented for 500 ms with and inter-stimulus interval of 1000 ms (Tye et al., 2014). 
ERP Components. In both the Flanker Inhibitory Control Task and the Go-No Go Task, 
the frontal (Fz) and central (Cz) clusters will be observed as seen in Figure 4. Our components of 
interest, N2 and P3, have both been linked to the frontal and temporal lobes, making the Fz and 
Cz clusters of intertest. (Bledowski et al., 2004; Corbetta & Shulman, 2002). The N2 is a 
negative component typically evoked 200 to 300 ms following the presentation of a specific 
stimulus (Patel & Azzam, 2005). The N2 is typically observed when participants are asked to 
respond to a stimulus unlike the others (No-Go or incongruent flanker). The N2 is noticed to 
occur prior to motor response, suggesting that it links to the cognitive process of stimulus 
classification (Hoffman, 1990). The P3 subunit is a positive component that typically emerges 
around 300 to 400 ms after stimulus presentation (Patel & Azzam, 2005). Specially the P3b 
subunit is thought to reflect match/mismatch (No-Go or incongruent flanker) stimulus as a 
measure of working memory.  
All experimental paradigms were administered by trained study staff. The study staff was 
trained to collect EEG and administer the NIH Toolbox. Every student and staff member 
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affiliated with the project underwent the IDDRC Core EEG Training. All of the staff attended 
training to observe data collection sessions, scheduled a “pilot” case and observed the collection 
of data a minimum of 5 times before they independently collected data.   
Results 
Aim One: NIH Toolbox Diagnostic Effects on Performance 
Table 1 shows standard scores and performance data for each NIH-TB cognition toolbox 
grouped by diagnosis; IQ was matched between samples using SB5 abbreviated IQ scores. To 
test whether mean levels of each cognitive task differed between the ASD, ADHD, and TD 
groups, we conducted a one-way analysis of variance (ANOVA). Results of the two-tailed t-test 
indicated that there were no significant differences between groups for the dimensional change 
card sort (F (2, 48) = 1.47, p = .241, hp2 = .058), pattern comparison processing speed (F (2, 48) 
= 0.19, p = .826, hp2 = .008), or the picture sequence memory test (F (2, 48 ) = 1.60, p = .212, hp2 
= .063). The flanker inhibitory control and attention task was approaching significance (F (2, 48) 
= 3.04, p = .057, hp2 = .112), so post hoc analyses were conducted to examine which means 
differed.   
The flanker inhibitory control and attention task showed a significant difference in mean 
levels between the ASD and ADHD groups. Results of the two-tailed t-test indicated that those 
in the ADHD group had a significantly higher flanker score (M = 100.88, SD = 16.03) than those 
in the ASD group (M = 89.53, SD = 11.06), t (32) = -2.40, p = 0.022).   
Among the other three cognitive tasks, there were no statistically significant differences 
between the groups. However, both the dimensional change card sort (hp2 = 0.058) and the 
picture sequence memory test (hp2 = 0.063) produced medium effect sizes, suggesting that an 
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increased sample size could produce statistically significant differences between groups in line 
with prior research (Richardson, 2011).  
Aim Two: Behavior Rating Inventory for Executive Functioning (BRIEF) 
The BRIEF-2 was completed by the caregivers of the ADHD and TD groups, as seen in 
Table 2. To test whether mean levels of BRIEF-2 scores differed between the ADHD and TD 
groups, we conducted an independent-samples t-test. Results of the two-tailed t-test indicated 
that those in the ADHD group had significantly higher levels of executive deficits (M = 70.00, 
SD = 6.97) than those in the TD group (M = 42.55, SD = 2.94) p < .001. More specially, the 
ADHD caregivers reported the most significant deficits in inhibition (M = 17.76, SD = 2.51) 
(Behavioral Scale) and working memory (M = 18.76, SD = 3.32) (Metacognition Scale) 
compared to the TD group. Compared to the TD group (M = 9.45, SD = 1.63), the ADHD 
showed significantly higher deficits in inhibition (M = 17.76, SD = 2.51) p < .001. They also 
displayed significantly higher deficits in working memory (M = 18.47, SD = 3.32) p < .001, 
compared to the TD group (M = 9.09, SD = 1.38) p < .001.  
Aim Three: ERP Markers of EF 
Go-No Go Task 
No-Go P3. ERP averages for both groups (ADHD and TD) are summarized in Table 3 
and Figures 7 and 8. There was no significant group or condition difference for P3 mean 
amplitude, (30% No-Go (F = 0.86, p = 0.367, hp2 = 0.054), 70% No-Go (F = 1.95, p = 0.181, hp2 
= 0.103)) in the frontal (Fz) cluster. There was no significant group or condition difference for 
P3 mean latency, (30% No-Go (F = 0.08 p = 0.782, hp2 = 0.005), 70% No-Go (F = 2.70, p = 
0.119, hp2 = 0.137)) in the Fz cluster. There was no significant group or condition difference for 
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P3 mean latency, (30% No-Go (F = 0.05, p = 0.834, hp2 = 0.003), 70% No-Go (F = 2.67, p = 
0.122, hp2 = 0.143)) in the central (Cz) cluster. However, using univariate testing indicated a 
significant effect of group difference at the central (Cz) cluster within the 30% No Go condition 
(F = 5.34, p = 0.03). This shows that the ADHD group had a significantly attenuated No-Go P3 
amplitude at Cz compared to the TD group (p = 0.03, hp2 = 0.251).    
No-Go N2. Amplitudes of N2 did not show significant differences between diagnoses, 
conditions, or clusters. There was no significant group or condition difference for N2 mean 
amplitude, (30% No-Go (F = 1.15, p = 0.300, hp2 = 0.071), 70% No-Go (F = 0.01, p = 0.920, hp2 
= 0.001)) in the frontal (Fz) cluster. There was no significant group or condition difference for 
N2 mean amplitude, (30% No-Go (F = 0.93, p = 0.349, hp2 = 0.055), 70% No-Go (F = 0.00, p = 
0.989, hp2 = 0.00)) in the central (Cz) cluster. There was no significant group or condition 
difference for N2 mean latency, (30% No-Go (F = 0.44, p = 0.517, hp2 = 0.027), 70% No-Go (F 
= 1.90, p = 0.187, hp2 = 0.106)) in the Cz cluster. However, as seen in figure 8, using univariate 
testing indicated an approaching significant effect of N2 Latency within the frontal (Fz) cluster 
of the 70% No Go condition (F = 4.25, p = 0.055), with the  ADHD group having delayed N2 
response at Fz compared to the TD group (p = 0.055, hp2 = 0.200).   
Flanker Inhibitory Control Task 
Incongruent Flanker P3. ERP averages for both groups are summarized in table 4 and 
Figure 9. Amplitudes of P3 did not show significant differences between diagnoses, conditions, 
or clusters. However, using univariate testing indicated a significant effect of P3 latency within 
the central (Cz) cluster of the flanker inhibitory control and attention task (F = 6.11, p = 0.020), 
with the  ADHD group having significantly delayed P3 response at Cz compared to the TD 
group (p = 0.020, hp2 = 0.185).  
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Incongruent Flanker N2. Amplitudes of N2 did not show significant differences between 
diagnoses or clusters. However, using univariate testing indicated an approaching significant 
effect of N2 latency within the central (Cz) cluster of the flanker inhibitory control and attention 
task (F = 4.01, p = 0.055), with the ADHD having a delayed N2 response at Cz compared to the 
TD group (p = 0.055, hp2 = 0.121). 
Discussion 
The main goal of this study was to profile EF deficits for two of the most common 
childhood developmental disorders, ASD and ADHD, compared to TD children. This study 
investigated (1) EFd’s using the NIH- Toolbox cognition battery across ASD, ADHD and TD, 
(2) the most common EFd’s in ADHD using the BRIEF-2 parent report and (3) differences in the 
neurophysiological mechanisms of response inhibition, working memory and cognitive control 
in ADHD and TD groups.   
The first aim was accomplished by assessing the cognitive performance between groups 
using an integrated set of iPad-based cognitive tests known as the NIH-TB cognition battery. 
This was a measure of inhibition, cognitive flexibility, processing speed, and working memory. 
Contrary to our hypothesis that children with ASD demonstrate consistent impairments across a 
range of EF tasks, we did not find any significant differences between groups in relation to 
cognitive flexibility, processing speed, and working memory. However, children with ASD 
showed poor performance relative to the ADHD and TD groups in inhibition. 
Similarly, to what Corbett and colleagues found (2009), the ASD group performed poorly 
compared to the ADHD group on the inhibition task. Although there were no significant 
differences observed on the measures of cognitive flexibility, processing speed, and working 
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memory across the groups, as seen in Table 1, the ASD group consistently showed more 
impairment than the control or the ADHD group on all but the working memory task.    
The current study can support the previous finding that children with ASD demonstrate 
an impairment in EF skills, particularly relating to inhibition (Corbett et al., 2009; Tye et al., 
2014). The findings in this study are in contrast to previous studies, which found impairments in 
response inhibition and working memory, as our ADHD group did not show any significant 
impairments within these EF deficit domains (Corbett & Constantine, 2006; Geurts et al., 2004; 
Pennington & Ozonoff, 1996; Verté et al., 2006). It is also in contrast with recent studies that 
report working memory deficits (Goldberg et al., 2005; Landa & Goldberg, 2005; Pennington & 
Ozonoff, 1996) as well as set-shifting deficits (Ozonoff & Strayer, 1997; Ozonoff et al., 2004). It 
is possible that close matching of the groups on IQ reduced one of the sources of heterogeneity 
inherent to both ASD and ADHD. Although not all differences were significant, there was 
consistent poor performance within the ASD group that shows EF remains a distinction as a 
developmental and diagnostic issue within ASD.   
Our Second Aim was accomplished by examining the most commonly endorsed items 
within the Behavior Rating Inventory of Executive Function-2 (BRIEF) parent report measure 
(Blijd-Hoogewys et al., 2014). Our results show that the BRIEF-2 is a measure that is sensitive 
to EFd based on diagnosis, as the caregivers of ADHD group reported significant deficits in EF 
compared to the TD group across all domains. Of the 9 subdomains (inhibit, self-monitor, shift, 
emotional control, initiate, working memory, plan/organize, task-monitor, and organization of 
materials), working memory (Metacognition Scale) and inhibition (Behavioral Regulation Scale) 
were the most commonly reported EF deficits within the ADHD sample.  
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Our Third Aim worked to further investigate the neural networks and neuropsychological 
mechanisms contributing to the complex nature of the EF profile of ADHD (Nigg et al., 2005). 
This was accomplished using the Go-No Go Task and the Flanker Inhibitory Control Task 
(flanker) to measure response inhibition, cognitive control, and working memory. We did this by 
addressing some inconsistencies within the literature of ERP component amplitudes and latency 
in children with ADHD. Previous results suggest that P3 and N2 relate to inhibition and error-
monitoring within our sample (Brydges et al., 2014; Faja et al., 2016; Johnstone et al., 2009; 
Johnstone & Galletta, 2013; Tye et al., 2014).   
As seen in Table 3 and Figure 6, the attenuation of the No-Go P3 amplitude in the Cz 
cluster in the ADHD group supports previous studies that show abnormal inhibitory control in 
children with ADHD (Doehnert et al., 2010; Tye et al., 2014). This was observed in the 30% No-
Go condition which was aimed at encouraging a tendency to respond to the “Go” stimulus. This 
finding could indicate that children with ADHD have trouble recruiting the necessary cognitive 
processes for the stimulus at hand, particularly the resources to process inhibition. Although 
there was not a significant difference in No-Go P3 amplitude in the other condition, there was a 
strong effect size within the 70% No-Go Fz cluster to suggest that with a larger sample a 
significant difference could be possible (Figure 7).   
The increased No-Go N2 latency in the Fz cluster in the ADHD group suggests that 
children with ADHD are recognizing and responding to situations involving inhibition later than 
those who are typically developing. This was observed in the 70% No-Go condition that was 
aimed at a prepotent response tendency or a condition that required increased inhibition. 
Interestingly, this trend was also observed in the flanker task in the Cz cluster- as both tasks are 
aimed at targeting inhibition and conflict monitoring this aligns with our hypothesis. Therefore, 
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the findings could indicate an abnormal and delayed neurophysiological preparation to situations 
involving these processes. In all samples, there was a large effect size showing that the N2 
latency was increased in all conditions within the ADHD sample.   
As seen in Table 4 and Figure 9, the P3 latency in the Cz cluster within the ADHD group 
was again delayed in the flanker task. Similar to the Go-No Go task, this could suggest that 
children with ADHD take a longer time to prepare for upcoming stimulus compared to the TD 
children (Tye et al., 2014). Although findings were not significantly different for the P3 latency 
in the Go-No Go task, within the Fz and Cz clusters of the 70% No Go group, there were large 
effect sizes across the ADHD and TD groups suggesting that with an increased sample, there 
could be a significant differences between the groups.   
The lack of further significant group differences within the EEG flanker task performance 
could be due to the use of the flanker version that was not specifically designed to measure task 
performance. However, the larger effect sizes for the neurophysiological markers compared to 
the behavioral scores using the NIH-TB show the increased sensitivity of EEG and ERP to detect 
differences in inhibition and conflict monitoring between ADHD and TD groups.   
This study shows neurophysiological differences in response preparation in relation to 
inhibition and conflict monitoring in ADHD compared to TD children. This supports the findings 
that propose children with ADHD have difficulty in response inhibition and cognitive control 
(Ozonoff & Jensen, 1999). Children with ADHD display neurophysiological abnormalities in 
inhibitory processing, working memory, and conflict monitoring, and behavioral deficits as 
reported by parents in working memory and inhibition. Our findings suggest that EF deficits 
remain a meaningful target for cross-diagnostic intervention approaches.  
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Limitations. Certain limitations should be considered. The relatively small sample size 
should be interpreted with caution because of the low statistical power. This limited the 
possibility to examine the effects of comorbidities, biological sex and use of medication. In 
particular, with the lack of significant differences between ASD and ADHD groups, when 
analyzed by ANOVA across the NIH-TB standard scores, suggests that replication is warranted. 
We did not ask participants to stop the use of medication before their visits, so medication might 
be a partial explanation for the lack of differences seen across groups. The matching of IQ across 
the three groups could create less obvious defining executive functioning deficit features and 
results between the groups. Participants within this study did not receive formal ADHD 
measures, such as the K-SADS, to be entered into the study which resulted in a less broad 
overview of ADHD symptoms. We trusted that children had a prior diagnosis made by a 
registered clinical, developmental, or school psychologist or psychiatrist. The findings related to 
neurophysiological abnormalities expand on previous findings and suggest that ERP components 
are associated with diagnostic features. Although we have proposed that ADHD has distinct 
neurophysiological markers, these processes do not necessarily have their own biological 
function, so further studies investigating these mechanisms and their function is required. As we 
are missing the ASD group for Aim 2 and 3 due to time constraints, our future studies will 
include an ASD sample to aid in characterizing the full EF profile across these two 
neurodevelopmental disorders for a 3-group design. With a broader characterization across 
disorders, future studies could look for correlations between NIH-TB standard scores, 
symptomatology (SCQ and Conners), BRIEF-2 parent report scores and ERP components. 
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Conclusions 
Our study provides additional information about biobehavioral relations for executive 
functioning deficits in ASD, ADHD and typical development. It begins to characterize EF 
profiles using the NIH-TB cognition battery across diagnoses and expands upon previous 
investigations showing abnormal neurophysiological activity during Go-No Go and Flanker 
Inhibitory Control Tasks between ADHD and TD groups (Faja et al., 2016; Tye et al., 2014). For 
the ASD group, this study revealed that inhibition remains a significant EF deficit compared to 
the ADHD and TD groups of average intelligence. In addition, this study showed the 
mechanisms that underlie response inhibition, conflict monitoring, and working memory 
between children with ADHD and a control matched TD sample. Our ERP data suggest that 
there is a delayed pattern in responding to inhibition in children with ADHD when presented 
with a conflict monitoring stimulus. These findings are consistent with the BRIEF-2 parent 
report scores that show inhibition and working memory as being the two most endorsed EF 
deficits among the ADHD group.   
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Flanker Inhibitory Control and Attention task used in the NIH-TB cognition battery. 
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Figure 2.  
Flanker Inhibitory Control and Attention task practice set for children aged 5-7 years old within 
the NIH-Toolbox Cognition Battery. 
  
EXECUTIVE FUNCTION IN ASD AND ADHD  McQueen  30 
 
   
 
 
Figure 3.  
Figures 3a and 3b show the Dimensional Card Change Sort task used in the NIH-TB cognition 
battery administered to children across all three groups. 
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Electrode locations. Schematic representation of the EGI 128 HydroCelTM Geodesic Sensor Net 
used to acquire EEG data. Highlighted area represent the areas of interest; Frontal (Fz, Blue) and 
Central (Cz, Red).  
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Figure 5.  
Representation of the Flanker Inhibitory Control task used in EEG with the ADHD and TD Sample.  
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Figure 6.  
Representation of the Go-No Go task used in EEG with the ADHD and TD Sample.   
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Figure 7.  
Stimulus-locked and response-locked event related potentials (ERPs). Stimulus-locked average 
ERP at the central region compared across attention-deficit/hyperactivity disorder participants 
(blue) and typically developing participants (green) in the 30% (No-Go) Go-No Go task.  
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Stimulus-locked and response-locked event related potentials (ERPs). Stimulus-locked average 
ERP at the frontal region compared across attention-deficit/hyperactivity disorder participants 
(blue) and typically developing participants (green) in the 70% (No-Go) Go-No Go task.  
  
EXECUTIVE FUNCTION IN ASD AND ADHD  McQueen  36 
 




Stimulus-locked and response-locked event related potentials (ERPs). Stimulus-locked average 
ERP at the frontal region compared across attention-deficit/hyperactivity disorder participants 
(blue) and typically developing participants (green) in the Flanker task. 
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